Epoxy oligomers are used in various areas of industry as binder, adhesive and coatings, and are also used as components of injection moulding and impregnation compounds.
They feature a low initial viscosity and high adhesion, cure over a wide range of temperatures (20-200°C), and have low shrinkage and quite high physico-mechanical properties, but at the same time are highly flammable and rigid [1] .
To improve the elastic properties, a residual material (RM) was introduced into the epoxy composition, in the form of polycaproamide production waste containing caprolactam oligomers, a significant proportion of which are linear and cyclic dimers and trimers. A simultaneous diminution in viscosity and flammability was secured by the use of a plasticiser with a polyfunctional action -a non-flammable phosphate liquid (NGZh-4), comprising dibutylphenyl phosphate (95% by wt.), polybutylmethacrylate (4% by wt.) and other additions. The presence of phosphorus in the NGZh-4 enables it to serve at the same time as a flame retardant (FR). NGZh-4 is also a waste material obtained from hydraulic %  0  1  (  A  P  E  P  h  t  i  w  d  e  r  u  c  s  n  o  i  t  i  s  o  p  m  o  c  y  x  o  p  e  d  e  l  l  i  f  f  o  s  e  i  t  r  e  p  o  r  P  .   .  t  w  y  b  %  ,  n  o  i  t  i  s  o  p  m  o  c  f  o  p  u  -e  k  a  M  .  l  o  v  y  b  %  ,  g  n  i  l  l  i  f  f  o  e  e  r  g  e  D  s  ·  a  P  ,  y  t  i  s  o  c  s  i  V  m  /  g  k  ,  y  t  i  s  n  e  D   3   0  2  -D  E  -5  2  0  0  2  1   M  R  0  1  +  0  2  -D  E  9  .  1  1  6  .  7  3  9  5  1  1   M  R  0  2  +  0  2  -D  E  0  .  4  2  8  .  6  6  8  6  1  1   M  R  5  3  +  0  2  -D  E  7  .  2  4  7  .  3  7  8  8  1  1   M  R  0  5  +  0  2  -D  E  0  .  1  6  6  .  0  8  6  9  1 
systems. When epoxy oligomers are used as compounds, their viscosity is a matter of some importance, governing as it does a number of process parameters: flow properties of compositions, potential to produce products by cast moulding, rate of mould filling, etc. The introduction of highly-disperse RM leads to an increase in the viscosity of the composition. Because of this a calculation was made of the viscosity of compositions containing different quantities of RM, both with and without plasticisers [2] . The data are given in Tables 1 and 2 .
It was shown that when the RM content in the composition was increased from 10 to 50% by wt., the viscosity rose by about 3 times in comparison with the viscosity of the original oligomer. An increase in viscosity T/46 in the system not only hinders flow in the composition, it also leads to the formation of a more stressed structure.
We had previously established [3] that the best way of reducing flammability in the material was to have 30% by wt. NGZh-4 in the epoxy binder. The introduction of this quantity of NGZh-4 into an epoxy matrix containing RM also has the effect of reducing by around 4 times the viscosity of the filled composition ( Table 2 ) through a diminution in intermolecular interaction and an increase in free volume, which takes away some of the difficulty of movement of segments of macromolecules [4] .
Curing of multicomponent systems is a complex multi-stage process including both the formation of a spatially cross-linked matrix and the shaping of its structure. The introduction of plasticisers and fillers may have a substantial impact on shaping of the structure. Study of the curing kinetics revealed a retardant impact of RM on the curing process, leading to a rise in the duration of gelation and a fall in the maximum curing temperature (Figure 1, curve 2) . The fall in curing temperature may be linked to absorption of part of the heat in melting the caprolactam oligomers, which have a melting point of 70-140°C. Melting of the RM leads to formation of a heterophase matrix of the interpenetrating meshes type. There is an equivalent impact on the curing kinetics of the NGZh-4 introduced additionally into the RM-filled composition (Figure 1, curve 3 ).
This gave rise to a need to study the kinetics of the rise in adhesion strength (by determination of the shear strength) and the cohesion strength (by determination of the compression strength). Major differences were seen in the variation in cohesion and adhesion strength. The higher cohesion strength values in comparison with adhesion strength are worthy of mention. The rise in resistance to shearing loads takes place most steeply during the first seven minutes of curing. The cohesion strength rose substantially up to day 17 of the study.
To accelerate cross-linking processes and to achieve high levels of transformation, heat treatment is needed ( Table 3 ). It was established that for materials containing 10-20% by wt. RM, high levels of transformation are achieved following heat treatment at a temperature of 90°C for 3 hours. For materials containing 35-50% by wt. RM, and also for plasticised materials, extra heat treatment at 120°C for 3 hours should be used.
The reason for the comparatively low values for the degrees of transformation of plasticised materials is that only some of the plasticiser binds with the epoxy oligomer, while the surplus of it leaves the material on extraction.
Study of the influence of RM on the set of physicomechanical properties of the epoxy composition showed that with the introduction of 10 and 20% by wt. RM, the bending strength (G bend ) increased by 1.6-2 times, and the compression strength (G comp ) by 1.5 times in comparison with the non-modified make-up. With a further rise in the degree of filling, the strength characteristics fell away ( Table 4) . The tensile elongation (L) of the epoxy composition varied insignificantly in relation to the RM content (10, 20, 35 and 50% by wt.). With a further introduction of plasticiser into the RM-filled materials, the specimens in the bending and compression tests did not break, while the tensile elongation increased by 4-5 times ( Table 4) .
According to thermogravimetric analysis data, the introduction of RM reduces the initial destruction 
temperature by 20°C, the activation energy in the intensive destruction temperature area and the rate of loss of mass, but at the same time there is an increase in the carbonised residue yield. Changes in the thermolysis process increase the resistance to burning and the oxygen index (OI) of the material rises from 19 to 26.5-28% by vol.
The study looked at the influence of the residual material and non-flammable phosphate liquid, which are production waste products. The impact of caprolactam oligomers and non-flammable phosphate liquid on the rheological properties of epoxy binders, gelation in the curing process, and the kinetics of acquisition of adhesion and cohesion strength was studied. The studies performed served as a basis for selection of the topological structure formation parameters and the make-up of the compositions, thus supporting the production of compounds with high elastic properties and reduced flammability. 
